The effect of immobilization for 60 
INTRODUCTION
It is well known that the most typical component of a stress reaction is activation of the adrenal cortex manifesting itself by an enhanced level of corticosteroids in plasma and adrenal glands (Yates, 1967) . This secretion, observed in various forms of stress, can also be seen in poikilothermic animals. Relevant experiments have been made on fishes (Hane, Robertson, Wexler & Krupp, 1966; Donaldson & McBride, 1967; Fagerlund, 1967 Fagerlund, , 1970 Hill & Fromm, 1968) and also on amphibians (Johnston, Davis, Wright & Howards, 1967) , whose interrenal tissue contains and produces the same corticosteroids as other classes of vertebrates (Nandi, 1967; Sandor, 1969) . The dominant corticosteroids in the genus Rana are corticosterone and aldosterone (Cartensen, Burgers & Li, 1959 , 1961 ; Ulick & Solomon, 1960 ; Kraulis & Birmingham, 1964; Macchi & Phillips, 1966; Johnston et al. 1967; Piper & de Roos, 1967; Chan & Phillips, 1970;  Jungreis, Huibregtse & Ungar, 1970) . Therefore the concentration of these plasma corticosteroids can be used as an indicator of interrenal activity in frogs (Crabbé, 1961; Johnston et al. 1967 ). According to numerous experimental studies the pituitary of amphibians regulates interrenal function by corticotrophin (ACTH) secretion through the same mechanism as in mammals (Hanke & Weber, 1964; Dongen, Jorgensen, Larsen, Rosenkilde, Lofts & van Oordt, 1966; van Kemenade, 1968) .
The chromaffin tissue of frogs contains and produces adrenaline and noradrena¬ line (Coupland, 1953; Rápela & Gordon, 1956; Inoue & Akimoto, 1959; Narasimham & Kamat, 1970 Bártová & Hocman (1965) .
In Crabbé (1961) in Bufo marinus kept in distilled water or in a saline solution, and by Jungreis et al. (1970) in Rana pipiens, even though the latter authors measured corticosterone levels in serum.
Johnston et al. (1967) and Crabbé (1961) (Hane et al. 1966; Donaldson & McBride, 1967; Fagerlund, 1967 Fagerlund, , 1970 Hill & Fromm, 1968) . As a result of acute bleeding in amphibians (R. catesbeiana) Johnston et al. (1967) found an increase in plasma aldosterone, while the level of corticosterone did not change. Jungreis et al. (1970) reported a decreased serum corticosterone level in R. pipiens after exposure to dehydration. In contrast, in the present experi¬ ment plasma corticosterone levels were found to rise after immobilization. However, bleeding or dehydration are quite specific stresses which involve regulatory systems essentially different from that involved in immobilization.
In order to rule out the possibility of a complex disturbance of ecology by keeping the frogs in captivity and under stress, the experiments involving immobilization stress were carried out on the spot and immediately after the animals were caught.
In an effort to obtain a more complete picture of adrenal activation under stress we measured, besides corticosterone in plasma, the corticosterone and catecholamine concentrations in adrenal tissue. However, as the adrenal gland in frogs is embedded deeper in the kidney, a complete isolation of the tissue, particularly in the smaller species, is difficult (see also Hanke & Weber, 1964) . No direct inter-individual correlation in the renal : adrenal tissue ratio had been assumed; it was considered for several reasons to be a smaller methodical error to analyse the complex adrenorenal homogenate, rather than to attempt complete isolation of adrenal tissue. With this proviso, no change of the corticosterone level in frog adrenals was found during stress, though the same stressful situation in rats produces a rapid increase of the corticosterone content (Mikulaj & Csiba, 1963; Zimmermann & Critchlow, 1967) .
These data suggest that compensatory secretion of corticosterone could be maintained in frogs. Likewise, no change in the adrenaline content of the adrenals was noted, while the noradrenaline content changed substantially. Our results imply that while adrenaline secretion was about equal to its synthesis, the synthesis of noradrenaline during immobilization was probably considerably higher than release.
Johnston et al. (1967) have shown that administration of mammalian ACTH to R. catesbeiana leads to an increase in plasma corticosterone. We have observed a similar effect in R. esculenta. There was a direct correlation between adrenal response and temperature, with the exceptions that at temperatures above 30°C no further significant activation of the interrenal tissue took place, and at 1°C no activation occurred at all. Since amphibians are poikilothermic animals, a thermal and also a seasonal effect on their adrenal activity is not surprising (Nakamura, 1967;  van Kemenade, van Dongen & van Oordt, 1968; Piezzi & Burgos, 1968; Chan & Phillips, 1970) .
Our experiments leave open whether the changes in plasma corticosterone levels dependent on environmental temperatures arise from direct effects on the adrenals, or whether they result from alterations in the metabolic activity of the whole organism and do not depend solely on variations in the ability of the diencephalo-pituitary system to transfer a stress stimulus.
